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The serological diagnosis of m~hingococ- the use of the CF test in diagnosing men-
cal meningitis has been studktd by a number ingocoocal 'aseptic' meningitis. Recently, the
of workers during the past 60 years using cell wall has been used as a CF antigen by
the precipitin test (1), bactericidal and 'ag- *71'iis study was done in connection with Re-
glutination test (2), and opsonin test (3). -search Project No. M 4305.01-1001, Bureau of lied-

lkN Additional epidemiological information on iclne and Surgery, Navy Department, Washington,
men ingococcal meningitis has been obtained D. C. The opinions and assertions contained herein
by fermentation and agglutination reac- are those of the authors and are not to be con-

tion ofisoatesfro th patentandhis struied as official or as reflecting the views of the
contcts 4). he omplmentfixaion Navy Department or the Naval Service at larg.

(CF) test has seldom been used, for the The experiments reported herein -ets oonductW
diagosi ofmenigoccca meingiis.Cruck- according to the principles enunciated in "Guide for
dianoss o meingcocal enigits.,ruik- Laboratory Facilities and Care" prepared by

shank (5) was one of the first to use the the Committee on the Guide for Laboratory Ani-
CF test for the diagnosis of meningococ- mal Resources, National Academy of Sciencea-
cal disease. Ross and Stevenson (6) assessed National Research Council.



Sunk.,.i and Vedras (7). The antigens used antlcomplementarinms and potency were

by timea Wvavtlglors were somewhat group- performed by standard procedures (12)
specific, but lacked broad group specificity, adapted to the microtechnique (13). Twoj

This report describes a method for pro- exact units of complement were used. The
ducing a potent CF antigen which was easi- primary incubation was for 18 hours at 6*C.
ly produced in lrequantities, not anticom- Recruit ser. Blood wscletdfo

plemetery andreacted specifically with recruits upon entering rcuttanna
antiem t Natrisspecies in high titer, weeks and at 9 weeks of training. Also, re-
Comarion as lsomae& between serocon- cruits who were admitted to the Naval Hos-
I empoyingthis CF antigen and bac- pital, Great lakes with the clinical diagnosis
teril iokdns romrecruits at the Naval of meningitis were bled upon admission

Training Center, Great Lakes, Mllnos. and at approximately weekly intervals for at
Mateidal and Metobs. Antigen prepare- least 4 weeks. Nasopharyngeal and spinal

Maw.. Ndutwu .emigiiiiis groups A (CL-4) ,' fluid cultures for N. meniesgitidi were also
D(1636),' C(P'rS.),1 and strains Bo1  made on ev --cruit upon admission to the *

(8,9), 29E,2 B (Scarborough),s 135,2 and hospital. .' ra were separated from
Z' (10)were used inpreparing the CF cdotted blo, I stored at -2O 0 Cuntil
antigens. One ml of each group of an 8-hour tested.
culture grown in Mueller-Hinton broth (Dif- Hyperimmune rabbit scrum. Hyperim-
cc) was inoculated separately into 250 ml mune, group-specific antisera were obtained
of Mueller-Hinton broth, incubated for 18 from Difco N. u uuvsgitidus group A Lot No.
hours at 37*C in a Psycrotherm Incubator- 499231, group B Lot No. 512116 and group
Sbsker4 (170-200 rotations a minute) in C Lot No. 511599. Hyperimmune rabbit sera
normal atmosphere (11). The cultures were for N. usenixgitidis strains Bo, 135, 29E, and
then killed with a final concentration of 147 Z were made in this laboratory using the
befta propiolactone overnight at 60C. The following procedure: the meningococci were
supernatant fluid recovered after centrifuga- grown in Mueller-Hinton broth as described
tdon (6000) was saturated with ammnonitum for makring CF antigen. The cells were
sulfate crystals (510 gm/liter) and allowed to harvested after 6-hours incubation, washed
adt overnight at 60C with an occasional shak- once in saline, and resuspended in 0.5%
lng. The sediment from each 250.1l of origin- formaldehyde in saline. New Zealand white
al culture was collected after centrifugation rabbits were inoculated intraperitoneally
(1000g) and Tesuspended in40rml of OASMA (i.p.) with 1.ml (108 organisms) Monday,
NaCI (salin) This crude material was dialyz- Wednesday, and Friday of the first week; at
ed against au 1mounts of saline until free of similar intervals with 10' organisms during
ammonium, sulfate (24-48 hours). This the second and third weeks; permitted to

maeilwas the CF antigen. Further centri- rest one week; then inoculated with 1.ml of
fugation reduced turbidity, but a 4-fold loss 10' viable organisms intravenously (i.v.)
in potency occurred. The turbidity of the each week until the rabbits developed a sat-
crude antigen did not interfere with deter- isfactory antiserum for the slide bacterial
mining the CF end points. Therefore, the agglutination test. Rarely were more than 2
crude antigen was used for the data ix. injections required before a high titered
presented in this report. Tests for antigen antiserumn was obtained. Hyperimmune N.

19tok cltws oaiw fm N.VerosLT ge00ovoeae rabbit serum was supplied by
MtCk CUSN tKU-es Obt kaind fr~om N. Vr~L William Peacock, Jr., Veneral Dises
2S Main NApMR1 Oby Dr.M.CAkatif , WRlis Research Laboratory, CDC. Hyperimmune

Waddotom, D. C. Htokl nlee n iiccu
* lassi bhid.. f, pb -j =pjdb,= Pxeumeude antisera were Lot Nos. 496278

of d Mhuso (LIFD). and 497496, rsetively, from Difoo. Sera
4Nmm Uusmwlck seimli conpany, New Brum- from patients with Seaueuedle typhd disease

vWk New jaWs. were supplied by Miss Jean Koehler, State



N. usexisgigsidis CosaPUxvux FrxAviox ANuroxx

TARBL 1. Complement Fixation Tltema' of Various Ryperijumune Rabbit N. wonaa~d~gIdi
Antisera Using Antigen Prepared from Different N. owniapffidi. Groups and 8trains.

CF antigen prepared from N. aminugstidis group. and dtrains
(4 antigen units/unit volumie)

Iummne serum A B C Bo0 29E 185 z

N. weaiftgi*dia group A i28 128 128 64 128 64 138
group 1 128 256 128 256 256 256 366
groupC0 64 64 64 128 64 256 386
strain Bo 64 128 64 128 128 256 356
strain 29Z 128 512 128 128 128 613 326

strain Z 64 128 64 64 64 256 386

strainmo1uz 4 <4 64 64 82 <4 2

X. folophod 42 4 82 4 4 2 4 8

(N.:40 flow 3 120N
N b. recipresee o 2 Iniia diuiNo-ermsoiga +iDi

sN. AU umvan a1d rabi sera weNhae ae gltiaiga .u iDiswr

ff. meingitidso <wsSu Naohrne menaton an oxd4 t<ts

swab and cinroculated immediatly dlton Mfseuem ahwntge is show faion. Tbe n

,/Labrtr of r Hstoetne MDfc)adsnd 25uits/mI 4 tan nontypable s) mngofoa N.raines. Alldiso.
ofslyyin. Al. Culadrabtur media were meaind late angtigensifixedcomplemen with 7 N

tansot to* juth laboratorystn. Theonofirmsede of schb the Genus Naesuga fl iers
was cuthren stretaked with a bacterotton~a ere whi th enu limitaioofierroy of the C
lopfrw sltinoaclne and inccltdimdaeyoubaed testigencistshownc wer 1-tbles adilUtio
for 1-24hour meinm 5%ic contatmosher at outsidwerte aceptaberanged fom egror. ane
3 0C5l ofrgaismscti fromcoloandes orphomlo- anstisrain tno D. paseinsie of. iuem~e, Sk.
calply rsmbing N. Cluemeuduia~ were tested Alli0an antigens fixed complementwih7N
byslid aoe agglutinatin uinguae grox ups n Akskii Bfft andatiteroltoolOthe
CrandpDrrabbith lantisratorCyad.abi The iou specie fro 3h recruts whoeig bAmltie r$
wanthsera prepreakd winthi laboacteroogica forwihi the liofN.mitatrion oferor dfrthg
loope 1for isoltionofcolne anncubaterd topc C.ecrut training wereh tested for CFiantibody

calladdresemblengN. wikW er etd tyhi anti Hangens fro aho ixerd grompseen
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TAILS IL Cminglsmmt 3izate. Tltsw of Vwaaao Presratom of N. mamingumsd (IN
Antigem Wasg Nemehigoe an mlHtwosgeo. Hyperiimv Rahbbit M. meaOda"t~~ Group

and strama

OF antigen Prprqmd fromn N. m..sgind. group and strains

Hypor~momue Men 3 C so 3OR 181 Z

N."Miso"WI~POVA inS 1 M 13 6t6s4 3
8 'upl 13 326 126 326 356 356 356
pageO 64 n13 13 6 138 1ts

stn. 31 13 64 M3 64 t1 128
aI uso INs 512 ins is 5in 36 012
idinl 6 4 6 4 6 128 356

strain 64 13 64 54 6 8 13

Jr. tosorhoo 64 35 46 4 512 2"nS

4 COP units ofanioy

or stralins of N. waishoridis (Table M1). from a different N. neumqigodti group or
The dtite of each sem against each of strain.
5 antigm Were mentilaly identical. Ser The correlation of 4-fold or greater in-
frm 4 recruits who had clinical mneningtis craie In titers to CF antigen with acquisi-
were tested apiost 6 CF antigens, and tics of N. meuingdtidis, as determined by
shome the -m sr P ;,me to each of the isolation, is showrn in Table V. The
antigens (Table TV). These data indicate correlation is highly significant (,#= <.0001).
that by the seventh day pthqtamtin Discuzwsio. The appeaance of specific
for meningococcal disease, a substantial in- antibody during convalescence from men-
creas in antibod titer Is shown with a ingococcal disease was described by Thooma
peak tite occurring by day 21. Two of these d at. (2) Studies have shown that the

mem vere due to N. meudugIidk group C, acquisition of meningococcus in the naso-
ome was due to strain Bo, and one (No phar~ynx is followed by the developient of
749) had no isolate. Each antigen was nude meningococcal antibody (7, 14, 15). These

TAB ILS Oci. Coqeulm of Comphmemtr Plastiom Serum Antibody Titern of Navy Imxlent
CrAno of X. "o"PUMB~l strain Do Using 5 Compumemt, Fiing AnftifL

OP antigesi for N. meatUiNi*de groups or strain.

Wotud Wa* I& "kml3
rmmusit e. training sM sox C (Soarboroog) B3(1636) So

lea 0. 1 1:4 <1-4 <1:4 <1:4 <1:4
5 5 1-4 <1-4 <1 *4 <1:4 1:4
* 3 1:64 1:83 1:33 1:64 1:64

lWos 0 1 <1:4 <1:4 <1:4 <1:4 <1:4
5 1 1:64 1:31 1-64 1:64 1:33
* 1 1:3 1:16 1:33 1:33 1:16

1113 0 1 <1:4 <1:4 <1:4 <1:4 <1:4
5 3 <1:4 <1:4 <1:4 <1:4 <1:4
* 1 1-16 1:16 1:13 1423 1:16

U~in itusoiasi th neltprosal of the hMghost dilution givig a 4+ *=dton is the
pmae 00 o0ft=



N. menuii s CompIXN T FIXATION ANTom

TABLD IV. Comparison of Complement Fixation Serum Antibody Titer. in Navy Recruit
with Clnical Menaingiti, Using 6 Complement Fixation Antgens.

CF antigea from AV. mensagltidit group. or train
Sample post-

Patient admimion day A B C 29E 185 so

226 0 < 4 4 4 4 4
10 128 356 128 256 256 138
19 250 128 228 1M8 I1
31 64 64 128 64 64 64

521 0 < <4 <4 <4 4 <4
7 8 16 16 8 8 8

14 as 64 64 64 64 64
21 b2 64 64 64 8. 2 04

782 0 < <4 <4 <4 4 <4
7 82 64 128 64- 64 64

14 32 64 128 64 32 64
21 82 64 128 as, 64 64

740 0 < <4 <4 • '* <4 <4
7 4 4 4 4 4 4

14 64 128 128 128 64 64
21 82 64 64 64 32 64

"Reciprocal of the highest dilution of serum giving a 4+ fixation.

data suggested that more extensive investi- antibody to N. mexngiids, whether as a
gation of the meningococcal antibody level result of carrier status or overt disease,
of the serum may contribute to the under- reacts equally with the CF antigen de-
standing of the epidemiology of meningococ- scribed in this report, regardless of the N.
cal disease. The CF antigen described in ,mexigisidis group from which the antigen
this report seems to possess the sensitivity was made. Also, more than 3000 recruit sem
and the group specificity required of an an- have been tested with this antigen and with
tigeU to be employed in epidemiological a battery of 14 bacterial and viral antgens.
studies. This is supported by the results in The serological response to N. uiqid
Tables HI and IV. 'T'hese data indicate that was independent of responses to viruses and

TABLE V. Comparison of CF YN. ,,maln u•, bacteria (15). The latter infections were due
Segoeonverdonn' to Isolations in a Recruit Coin- to adenovirus types 4 and 7, influenza, A
pany in Training from 6 Sept. to 10 Now. 1967. and B, rhinovirus, M. pweunmodas a•d

streptococci.
CF sermeoversion, Complement fization tests with the anti-

Positive Negative gen described can now complement the group-
specific Indirect hemagglutination (IRA)

isolate 46 10 test (11). This would permit examining
No imolate 5 10 large populations for N. mie ,i~i In-

A 4-fold or greater rie in antibody titer. tion experience without the more com-
"of Bac-eold sarigwasr r e on tboy at titee, plex and laborious support required by men-SBa cte ril sam plin g wa s made only at the tim e s 8 o o c l i o a e I ) U C e o l

of reporting to and graduating from recruit tr-- ingococcal isolates (I$). The CF test would
lug; "V% of the recruits sroeoaverted between the serve as a screening test for incidence of
fifth and ninth week serum sample, indicating ae- infection and the I1A test would Identify
quiution late in taining and perhaps not oAelet those groups that were presenL
time for antibody to be produced before the dnal This approach should assist in answering
serum sample Was taken. the questions concerning meningococcl Inl-
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an~wmd dlaaae peuad by, 7homas et al. We ane indebted to 3mI Patricia, Muchi; M
(2).Thap qW~oa elatd to(a) hat W. S. Driscol, USN; Mir. George L. Larson; sand
(2).Thee qustins elatd t (a)whe EM T. C. Browuder, USN for their emcaflont

Gatent, and whet time, antibodies are pro.- tehicl.. dus
daed hlowiqg inm=WgoWcca infection,
(b) by WW 1.k" ta Ub ni Rake, G3. J. J. ExptL Mod. Sk 75 (1933).

batise a =wt en jatently be demon- 2. hoMas4 L., Smith, H. W., and Dbag*e J. H.,
steeled (c) MWh cc heln if any, Cdo J. CIn. Invest. 22,361 (1943).

3. Houston, T. and Rankin, J. C., Brit. Med. J.
beotwson the developmnent of antibodies an Z 1414 (1907).
nick facto. 'a the severty of l11f~tl0I~ th 4. Brictow, W., Van Penn.. P. F., sadl Volk, R.,
rapidatyo rec'.ey, or the biological Char- Am. J. Public Healthfl5, 1039 (1965).
acterlsics of the Infectin orguniun, and S. Cruldkshank, R., J. PathoL Dacteriol. 5Z~ 142
(d) whet, levels of antibody are to be found (1941).
In the blood of carriers &and normal lndlVidu- 6. Ross, C. A. C. said Stevensonl, 1. 1. Hyg. 60,

MInanqdsc area 501 (1962). Hat
7. Sanborn, W. R. sad Vedros, N. A., Hat

&imey. A uinVk method for prearing Lb Sm. k,111 (1966).
an N.- *Mhg6q'i complement lung* Anti- a. Slnger, R. C., Mod. Men. N. Ara. 51, 719
aum is describd. Hypeulaunune rabbit N. (1967).A
msetasimiAs antluenm reacted approzlmate- 9. HolWs, D. G3., WkInS, G. L., MAn Schubert,
ly the smie with CF antigen made fromx H. HL, J. Bacterlol. 91, 1 (196).
aesewal N. memkqftidi group or Strains. 10. Slaterias, K. W., Ruys, A. C., and Sieberg, 1.
Rwetara known to have become infected G3, Anltonio van Leeuweohoek, J. Microbial. Serol.

with N. esealugilidis strain Bo during recruit 29 265 (1963).
tudft howe*W serlogcal11. Edwards, E. A. s&d Driscoll, W. S., Proc.

to CF antigen made from different N. wx- 12. Cay H. L., Public Health Serir. Publ. No.
hsftddk gpoe or strains. Further, 4 recruits 1225, (1965). Public Healt Monograph No. 74.
who w=r admitted to the hoepital with 13. Sever, J. L., 3. ImmunoL. W 320 (1962).
clinical meningitis also aeroconverted equal- 14. Huntley, It. sand Reed, D., Am. J. Epideniol,
ly to any 1 of 6 different N. meuiskftidiz Ok,142(1967).
CF antigens. Increase in CF titer (4-fol or 15. Edwards, E. A., Rosenbaum, M. 3J, Pierce,
greater) to N. inemkgg'Jkd corr-ted *-g W. K., Deaerry, P., Sullivan, R. J., and Peckin-j
nlilcAntly with acqistion of meigocu psaul, R. 0., Public Health Rapt. (US.) 83, 209
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